Purpose: To determine whether the tumor immune infiltrate, as recently evaluated with the Immunoscore methodology, could be a useful prognostic marker in patients with rectal cancers.
Introduction
In rectal cancers, the worldwide used American Joint Committee on Cancer/Unio Internationale Contra Cancrum tumor-node-metastasis (AJCC/UICC-TNM) system (TNM; ref. 1) is of major importance but gives limited prognostic information and no prediction on the benefit of a chosen therapy (2, 3) . Additional prognostic and predictive markers are needed (3) . With the exception of microsatellite instability, which only concerns a minority of rectal cancers, recent genetic and molecular biology analyses of rectal cancers did not provide novel prognostic markers (4) . One possible reason for this limited prognostic accuracy was the assumption, until recently, that tumor progression would be essentially a cell-autonomous process not influenced by the microenvironment (5) . The paradigm could be now different as a large body of data from retrospective cohorts of human solid tumors demonstrated that the in situ immune infiltrate deeply influences the outcome of the patients (6) .
We provided evidence that the type, the density, and the location of immune cells within tumor samples strongly influence the evolution of human colorectal cancers (stage I-IV; ref. 7) . Thus, the adaptive immune reaction composed of T lymphocytes (CD3 þ ) with cytotoxic (CD8 þ ) and memory (CD45RO þ ) phenotype within the core of the tumor (CT) and the invasive margin (IM) is a highly significant parameter to predict recurrence and survival (7) . To promote the use of this immune investigation as a routine testing for cancer classification, we established a methodology named "Immunoscore" that provides a score based on the numeration of CD3 þ and CD8 þ lymphocytes in the CT and in the IM regions of tumors (c.f., Material and Methods for details). This classification seems to be more accurate to anticipate the outcome events than the TNM classification (8) . Importantly, an independent international panel of 22 expert laboratories has started to work on large retrospective cohorts of colon cancers to promote the Immunoscore in routine clinical settings (9, 10) . In a first step, it has been decided not to consider rectal tumors due to distinct clinicopathologic features, tumor markers, and treatment regimens when compared with colonic adenocarcinomas (11) (12) (13) . A dedicated study evaluating the impact of the immune infiltrate on the tumor progression, prognosis, and response to preoperative chemoradiation therapy (pCRT) in rectal cancers is now required. The aims of this study were (i) to evaluate the prognostic performance of the Immunoscore on surgical specimens of patients with clinically localized rectal cancer treated by primary surgery; (ii) to compare prognostic accuracies of the Immunoscore and of the TNM; and (iii) to evaluate the performance of the immune infiltrate to predict the response to pCRT in patients with advanced rectal cancers.
Material and Methods

Patients and database
Surgery cohort. In the surgery cohort were included 111 prospectively registered patients with a rectal cancer who underwent radical surgery with mesorectum excision as a primary treatment (14) I (T1-T2, N0 , and M0), middle and low rectum (n ¼ 32). Postoperative cares were in accord with the general practice for patients with rectal cancer. The mean duration of follow-up was 74 months. The extreme values until progression/death or last follow-up were 0 and 244 months, respectively. A secured database, the Tumoral MicroEnvironment DB (TME.db), was constructed for the management of patient's data (15) . Ethical, legal, and social implications were approved by an ethical review board.
Neoadjuvant therapy cohort. In the neoadjuvant therapy cohort were included 55 patients with TNM stage II and III middle or low rectal cancer registered between 2007 and 2012 (Supplementary Table S2 ) from the St. Spiridon Hospital/Regional Oncologic Institute (Iasi, Romania), an international expert center where the Immunoscore is prospectively evaluated and where preoperative biopsies are available. The neoadjuvant therapy was applied following the guidelines of the European Society for Medical Oncology. The Research Ethics Committee of the University of Medicine and Pharmacy "Gr. T. Popa," Iasi approved the study.
Histopathologic analysis
All the hematoxylin and eosin (H&E) sections of the rectal cancers were examined by pathologists for evaluation of TNM stage, tumor differentiation, lymph node ratio (LNR) defined as the number of positive lymph nodes divided by the total number of lymph nodes examined (16) , presence of tumor emboli in vascular, lymphatic, or perineural structures (VELIPI status; ref. 17) , and the quality of resection (R status; ref. 4) . "Downstaging" was defined as any pathologic stage (ypTNM) less than pretreatment imagistic stage. Tumor regression grade (TRG) based on tumorfibrosis ratio was determined as recommended (18) .
Tissue microarray construction, staining, and analysis
For tissue samples harvested on surgical specimens, two cores were taken from CT and two cores from IM (Fig. 1A) for tissue microarray (TMA) construction as previously described (7) . Slides immunostained for CD3 and CD8 (SP7 and 4B11, respectively; Neomarkers) were quantified using an image analysis workstation (Spot Browser; ALPHELYS). The "minimum P value" approach was applied to obtain the cutoff providing the best separation between the groups of patients (high vs. low) related to their diseasefree survival (DFS) outcome. Accordingly, the cutoff values determined for CD3 þ and CD8 þ cell densities were 256 ( 
Translational Relevance
In previous publications, we demonstrated that the immune infiltrate within colorectal tumors strongly influenced the outcome of patients with colorectal cancer. We then created an "Immunoscore" to quantify the immune infiltrate. This method is currently tested worldwide on retrospective cohorts of patients with colonic cancers (22 centers; >9,000 patients) to promote the Immunoscore in routine clinical settings. Because of distinct clinicopathologic features, tumor markers, and treatment regimens when compared with colonic cancers, it has been decided not to consider rectal tumors until a dedicated study evaluating the impact of the immune infiltrate on the tumor progression, prognosis, and response to preoperative chemoradiation therapy (pCRT) in rectal cancers was performed. This is the scope of this study. On the basis of the positive results of this study, the evaluation of the immune marker on an international multicenter study should now be initiated. low densities of CD3 and CD8 in both tumor regions (0-Hi; Fig. 1C ).
Biopsy samples and staining
Biopsy samples were incubated for 32 minutes at 37 C with mouse monoclonal antibodies against CD8 (C8/144B; Dako; 1:50 dilution) and 20 minutes at 37 C with rabbit monoclonal antibodies against CD3 (2GV6; Ventana). The ultraView Universal DAB IHC Detection Kit (Ventana) was applied for detecting primary antibodies. High-resolution digital slides were obtained with a NanoZoomer scanner (Hamamatsu). The density of stained cells in the tumor areas was determined using the computerized image analysis system Developer XD (Definiens). Each tumor area was divided into tiles of 0.8 mm sides. The density of the immune cells stained in each biopsy was expressed as the mean density of the three most infiltrated tiles.
Statistical analysis
Parametric (Student t test) and nonparametric (Wilcoxon-Mann-Whitney test) tests were used to identify markers with a significantly different expression among patient groups. Kaplan-Meier curves were used to visualize differences between DFS and overall survival (OS). Significance among patient groups was calculated by using the log-rank test. DFS log-rank P values were corrected using the formula proposed by Altman and colleagues (19) . We used a multivariate Cox proportional hazards model to determine HRs. HRs were corrected as suggested by Holl€ ander and colleagues (20) . All tests were two-sided, and a P < 0.05 was considered statistically significant. All analyses were done using the statistical software R (survival package) implemented as a statistical module in TME.db (15) .
Results
Prognostic factors in patients with rectal cancer treated by primary surgery
Clinicopathologic data. The prospectively registered cohort of 111 patients with rectal cancer who underwent a primary resection of the tumor with mesorectum excision was investigated. Univariate analysis showed that TNM staging, T stage, and LNR significantly influenced DFS and OS (P 0.05 for all comparisons). In addition, the OS was also influenced by the age of the patients, N stage, and the presence of tumor emboli ( Table 1) .
Impact of the immune infiltration. The densities of CD3 þ and CD8 þ immune infiltrates were assessed in CT and IM regions ( Table S3 ). A combined analysis of tumor regions was performed.
Patients with high density of a marker in both CT and IM regions were classified "HiHi"; patients with low density of such marker in both tumor regions were classified "LoLo"; patients with a high density of such marker in a single tumor region (CT or IM) were classified "Het." HRs were 4.57 and 5.18 for CD3 and 5.88 and 6 for CD8 between patient groups (HiHi vs. LoLo) for DFS and OS, respectively (all P 0.004 by the log-rank tests; Table 1 ). This combined analysis of CT plus IM regions was more efficient to discriminate patient's outcome when compared with single region analysis (Table 1 and Supplementary Table S3 ). Kaplan-Meier curves illustrate the significant longer DFS (Fig. 2 ) and OS times ( Supplementary Fig. S1 ) for patients with tumors highly infiltrated in combined tumor regions for CD3 and CD8. Thus, the assessment of the natural immune infiltration of CD3 þ and CD8 þ T lymphocytes in tumor regions (CT/IM) classified patients treated by primary surgery in subgroups with statistically different clinical outcomes.
Impact of the Immunoscore. The "Immunoscore" uses the numeration of CD3 þ and CD8 þ cells in the CT and the IM regions to provide a score (from I0 to I4) depending on the total number of high densities observed (two markers assessed in CT, two markers assessed in IM; Fig. 1C ). According to the Immunoscore, repartitions of the cohort Fig. 3 . Significant differences between patient groups for survival times were also observed after grouping the patients I0 and I1, which experienced the poorest postoperative outcome (Supplementary Fig. S2 ). When combining the Immunoscore with the clinicopathologic markers, only the Immunoscore and the lymph node ratio (LNR) remained significant for DFS and OS in the model after stepwise-based Cox multivariate analysis (Immunoscore: P ¼ 0.007 and P ¼ 0.002; LNR: P ¼ 0.04 and P ¼ 0.0007, for DFS and OS respectively; Table 2 ). We then performed a Cox multivariate regression analysis by adding TNM staging to the Immunoscore into the model. Strikingly, the Immunoscore remained highly significantly associated with DFS, whereas the TNM staging did not reach significance. A strong impact of the Immunoscore on the OS was also evidenced (HR of 0.62 P ¼ 0.0004; Table  2 ). As a result, the Immunoscore seems to be a highly significant prognostic factor in the group of patients treated by primary surgery.
Is the natural immune infiltration, in patients treated by pCRT before surgery, a prognostic factor?
To question this issue, we first investigated a historic series of 33 patients that would be nowadays eligible for pCRT (21) , to evaluate whether the natural immune infiltration could influence the clinical outcome. Significant higher densities of CD3 þ (Fig. 4A) and CD8 þ cells (data not shown) were observed in tumor regions (CT and IM) of patients who did not experience recurrence (all P < 0.05).
pCRT induces histologic reactions precluding the realization of an Immunoscore as the architecture of a treated tumor is deeply modified and the delineation of the analyzed tumor regions (CT and IM) is often no longer practicable.
To circumvent this issue, biopsies performed before pCRT for diagnosis were investigated for the immune infiltrate in a recent cohort of 55 patients (Fig. 4B) . We asked whether the immune infiltration could predict the response to pCRT, as pCRT induces cell death forms with immunogenic potential in rectal tumors (22) . The ypTNM downstaging and TRG were used as endpoints to evaluate response to pCRT (4, 18) . High infiltration of CD3 þ cells in tumor biopsies predominated (72% of the cases) in the subgroup of responders (complete or partial response) to pCRT (Fig.  4B) , whereas 63% of the biopsies with a low infiltration of CD3 þ cells belong to the group of nonresponders to pCRT (for CD3, Fisher exact test P ¼ 0.015). The same pattern was observed for CD8 þ cells (data not shown). The TRG4, 3, 2, 1, 0 evaluated on surgical specimens from patients treated by pCRT were found in 7.3%, 45.4%, 32.7%, 7.3%, and 7.3% of the cohort, respectively. The lowest infiltration of CD3 and CD8 was observed in patients TRG0, without any sign of tumor regression (data not shown). Thus, the assessment of the immune infiltrate in biopsies could help to anticipate the patient's response to pCRT.
Discussion
Rectal cancer is a major public health issue with 80,000 new cases per year in Europe (23) . Current therapeutic strategies for rectal cancers, which may strongly impact patient's quality of life (24) , are based on clinicopathologic staging systems that do not take into account biologic features of the tumor (4). There is a need for new prognostic and predictive markers to avoid under-or overtreatment in the neoadjuvant and adjuvant settings (3). Our study was designed to address these questions. Period of inclusion is stated between 1987 and 2003 as in our institution mesorectal excision was routinely performed since 1987, and as in rectal cancer a 10-year follow-up is required for clinical studies (25) . With respect to these limitations, surgical results and outcomes of our series were comparable with published data (26, 27) .
We herein show that the densities of CD3 þ and CD8 þ lymphocytes and the associated Immunoscore (from I0 to I4) significantly correlated with DFS and OS times. These results are in line with publications showing a beneficial impact of cytotoxic T lymphocytes and the associated Th1 immune orientation in tumors of diverse origins: melanoma, head and neck, breast, bladder, urothelial, ovarian, renal, prostatic, lung, colorectal (6) (7) (8) (28) (29) (30) (31) , and few series of rectal cancer (32) (33) (34) . This corpus of data strongly suggests that tumor behavior should now be considered as the result of a balance between the invasive tumor process and the response of the host of which the local immune reaction is a major component (5, 6) . We further illustrate the beneficial impact of a coordinated immune reaction in specific tumor regions (i.e., the core of the tumor and the invasive margin) to prevent recurrence and increase survival, as we observed in colon cancers (7) . As a result, we demonstrate the prognostic power of the Immunoscore, which summarizes the information of the immune-cell densities in these tumor regions (8) . The Immunoscore classified nearly 50% of the patients with very distinct behaviors: 35% with very a good outcome (I4) as opposed to 12% with a poor outcome (for I0 and I1). This study confirms that there is an inverse relationship between tumor invasion and the extent of immune cell infiltration (8) ; 90% of the patients with the highest Immunoscore I4 presented with a localized cancer (stage I-II). But importantly, 34% of the patients with a localized cancer (stage I-II) presented with an Immunoscore associated with a very poor outcome (I0-I2); conversely, 16% of the patients with an advanced rectal cancer (stage III-IV) presented with an Immunoscore associated with a very good outcome (I4; Supplementary Table S5 ). These data illustrate how the Immunoscore overcomes the TNM scoring system in multivariate analyses, as we observed in colon cancer (8) . To reinforce the confidence on the statistical association observed, patients with poor postoperative outcome (I0 and I1) were pooled ( Supplementary Fig. S2) ; again, the multivariate analysis showed the prognostic power of the Immunoscore.
We also show that LNR is the only parameter adding information to the Immunoscore to better predict the DFS and the OS. LNR, which evaluates the dynamic balance between the number of positive lymph nodes and the total number of lymph nodes analyzed, has been shown to be a more accurate prognostic marker than the absolute number of positive lymph nodes that is currently used in the TNM staging system (16) . The information carried by the LNR rather reflects complementary aspects of the antitumor immunity not depicted by the Immunoscore than mechanistic filtering activities attributed to lymph nodes (35) .
For patients treated by pCRT, assessment of antitumor immunity by the Immunoscore is inappropriate as pCRT induces deep changes (18) with tumor regression, fibrosis, or mucous secretion that preclude a precise delimitation of the tumor and the invasive margin. In this context, biopsies performed for diagnosis purpose are the sole material free of radiation or chemotherapy effects. We evidenced a significant correlation between densities of CD3 þ cells (and of CD8 þ cells, data not shown) and the response to pCRT, as recently reported in a series of 48 patients (36) . One hypothesis explaining this correlation could be that pCRT is an immune adjuvant acting through both the innate and 
